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��yPr�tPo,p ��mVr�p�yPv�z � 80o
�Fh9o0�Rv*hVo�tPr,v*s��e|�h�o,�e�!�ejehVr
�Dhd}!p,mRp,yPv.jehVr�qVv*r3�!m=sPv*jK~P�PtPp3p,yPv.o,tu�P�;m9r,p3x*hV�Pjev*o
�Dv*r,v
r,v��PjehVx*v*s§���ep,y#µX�B³=J��R� sP�ehV�Rv*p,v�r*~5o,�e|Pq9jevc�¢o�p,r�hV|Psl~5�uhVr,v
x*m9�P�;v�r����er�vd� � o��Fv*jej3hVo�o,tP�u�;m9r,p,�e|Pq�p,yPv��!m=sPv�j�~Dp,yPv
x*m9�P�;v�r����er,v�o�h9jeo,m��Pr,mdi=�esPv*s�h��Rv*hV|Po3p,mR��v*v�s��;md�Dv*rNp�m
p,yuv��RmVp�mVr*~=���ep,yWJ md�7p�yPvN���er,v�o�qVmV�e|Pq.p,m.p,yuvfJN�]mVjev*o�m9|
p,yuv5o,p�v*�P�P�e|Pq
�!m9p,m9r*~*hV|usNp,yPvZEVp,y �Pr,mdi=�esP�e|PqDh0�Ph9xf�9�wV5z��
o,�eq9|PhVj]��m9rFp�yPvNx*jem9o,v*s=��jem=mV�!�RmVp�mVrDx*mV|=p,r�mVjejev*r*�

�D}a�u��x�hVjd�]v*r���m9r,�RhV|Px*v¨md�Ph�z � 8#�eoío�yPmd��|N�e|N�n��qu�qBX~
hV|us!x*m9|ap�r,h9r,}!p�m���yuhVpD�Fh9oD��mVtP|us���m9rFp�yPv
j�h9r,q9v � h9�P�P�e|Pq
�!m=sPv�j�~]p,yPv!z � 8 �;v�r���m9r,�!h9|Px*v.sPv*x*r�v*hVo�v*s#r�hV�P�esPje}R����p�y
iVv�j�m=x*�ep�}9�í��yP�eo&�Fh9o5�Ph9r,p,�eh9j�je}3sPtPv�p,m
h
�Ph9o,o,�ei9vD��v*hVp�yPv*r���|uq
�!v�xfyuhV|P�eo,��~a�utPp0�ep0�DhVo�h9jeo,m!p�yPmVtuqVy=p�p,yPh9p � md�¦o�v*�Ph9r,hd�
p,�em9|��Pjehd}Vv*s�hV|��e�!�]mVr�p,hV|=p�r�mVjev��e|�p,yP�eo
�]v*yPhdi=�emVr*���nj�md�
i=�eo,tPh9j��e¤*h9p,�emV|�i9v*r,���;v�s�p�yPhVp � md��o�v*�Ph9r,hVp��emV|�v*�=�eo,p,v�sl~;�Ptup
p,yuv�r�v*hVo�mV|���m9r�p,yPv�yP�eqVy��;v�r���m9r,�!h9|Px*vRhVp�¤*v*r�m�mVr�i9v*r,}
jemd�§o,�]v*v*sPo�~;hV|us�j�md�§�]v*r��KmVr,�RhV|Px�v�hVpDyP�eqVyPv*rDo,�]v*v*suo��Fh9o
tP|P�=|Pmd��|±�'�p&�;v�x*hV�RvFx*jev*h9r5p,yuhVp&p,yPv��uhV|Pv*jux*m=sPv0x*m9tPjes�|umVp&hVxc�
x*tPr�hVp�v*je}��!m=sPv*j]p,yPv � md���Py=}=o,�ex*o¨��m9rFp�yPv�z � 80o��F��yPv*r�vc�
��m9r,vd~]��m9r0p,yuvN�Pr,v�o,v*|=pN�e|=iVv*o�p,�eqVh9p,�emV|±~;h�p��Dmd��sP�e�!v*|Po��emV|Ph9j�~
tP|Po�p,v*h9sP}9~�x�mV�!�ur,v*o�o,�e�PjevNg0hdi=�ev*r���w=p�mV�9v*o
o,mVjei9v*r0�DhVo3tPo,v*s
p,m
sPtu�Pje��x�hVp,vDp,yuvFv*�=�]v*r,�e�Rv*|=p*~V�Pr�mdi=��su��|uq0h0�Rv*hV|uo7p�m0�Pr�vc�
sP�ex*p5o�v*�Ph9r,hVp��emV|=���e|PsPtPx*v�s�j�m9o,o�v*o5�e|�p�yPv0�]v*r���mVr��!hV|ux*vd~Vh9|Ps
��m9r�p,yPv
�]r,o,p3p,�e�!v�~ah��Rv*hV|PoDmd�5v*idh9jetPhVp���|uq�p�yPvN²�v*}=|Pm9j�suo
|=tP���]v*rFsuv*�;v�|PsPv*|Px�v�md�7p�yPv � md��o*�'�|�p,yPvW��mVjejemd���e|Pq�o,v*x�p,�emV|Po�~5sPv*p�hV�ejeo�m��´p�yPv�|=tP�!v�r,���
x*h9jí�!v�p,yPm=sPo�h9r,vN�Pr�v*o,v�|ap�v*sl~&h.��v*�¦h9sPsP�ep,�emV|uhVj]sPv*p,h9�ej�o3md�
p,yuvNv*�=�;v�r,�e�!v*|=p�hVjl�!v�p,yPm=sPo�h9r,v
qV�eiVv�|l~PhV|Ps�r�v*o,tPjep�o0�Kr,mV�
p,yuv�p��Fm�hVr�v�x*mV�R�PhVr�v*s��;m9p,y��=tPhVje�ep,h9p,�eiVv�j�}RhV|Ps��=tPh9|=p,���
p,h9p,�eiVv�j�}9�

G58;:¹¸\º;SuJKHaI&%`8;:
��yPv�qVv�mV�!v�p,r,}�h9|Ps#�RmVp���m9|�md�
p,yPv��P�����PjehV|PvRx*mV|=�

�;q9tPr,h9p,�emV|�h9r,v�o�yPmd��|'�e|'�n�eqP�5³¶µ=����yuv�sP�e�Rv*|Po,�em9|Po0h9|Ps
�!m9p,�emV|3sPtP�Pje�ex*h9p,v&p,yPvDje�e�!�ep,oPm��Pp,yPvDjehVr,q9v � hV�P�u��|uq��!m=sPv*jK�
��yPv5���e|Pq9oítP|usPv*r,q9m0h3�PtPr,v¨x*mVo���|uvF�PjetP|uqVv5�RmVp,�em9|�hVpí¤�v*r,m
hV|uqVjev�md�lhVp�p,hVxc�]�&��yPv0�PjetP|uqVv�hV�R�Pje�ep,tPsPv¨��oDµ)¤#EV¿d~9hV|Ps.p,yPv
�!v�hV|�o,v��PhVr�hVp,�em9|!�]v*p��Fv�v*|�p,yuv�p��DmN���e|Pq9oF�eo
³Q¤#EV¿d~=��yP�excy
�!�e�R�Ìx*o]h�o,�e|Pq9j�v¨����|uq � hV�P�u��|uqFh9p7µ)¤v§�¿7h9�;mdi9v&p,yPvDqVr�mVtP|Ps±�
g0m9p,vd~]p,yPv p��Fm.���e|PqVo���tPo�p � hV���e|�x�mVtP|=p,v�r����PyPhVo�v��e|RmVr��
sPv*r3p,m.v*|=��m9r,x*v p,yPvNo�}=�!�!v�p,r,}.x*m9|PsP�ep,�emV|±�

¸0SPQR<aJ�%`�dHX_n�G»+»=JK8PH=�VO
:DmVp,y hV|NtP|uo,p,v�hVsP}N�uhV|Pv*ju�!v*p�yPm=s�h9|PsNh9|NtP|Po�p,v*h9sP}

g0hdi=�ev*r���w=p�mV�9v*o�o,m9jeiVv*r�hVr�v�tPo,v*s �e|¦p,yPv��Pr,v*o�v*|=p'o�p,tPsu}V�
��yPv��Ph9|Pv*j]x*m=sPv0yuhVo5�]v*v*|RtPo,v*sR�e|��RhV|=}
o,�e�!�ejehVrlo�p,tPsP�ev*o�~
hV|us��eo0mV|uj�}��Pr��ev � }�sPv*o�x*r,�e�]v*s#yPv�r,v ��mVr3x*jehVr,�ep�}9� � |=tP���
�]v*r�m��0�!m=sP���;x*h9p,�emV|uo0�Dv*r,vR�!hVsuv�p�m�p,yPvRg0hdi=�ev*r��,w=p�mV�Vv�o
x*m=sPv�p�m#v*|uhV�Pjev�p�yPv*o,v�o,�e��tPjeh9p,�emV|Po�~5�e|Px*jetPsP�e|Pq�sPmV�RhV�e|=�
sPv*x�mV�!�]mVo��ep,�emV|l~¶sPvc��m9r,�R��|uqFq9r,�esPo*~9hV|Ps
�Ph9r,hVjejev*j9x*mV�R�PtPp,h��
p,�em9|l~;h9|Ps�p,yuv*o,v.�!m=sP���;x*h9p,�emV|uoFh9r,v.sPv*o,x�r,�e�;v�s'�e|�q9r,v*h9p,v*r
sPv*p�hV�ejK�
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Å Æ Ç È
z  =1.40

h=0.4z(τ) = h cos(kτ)

z(τ) =−h cos(kτ)
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^lHP:=<=_íG¨8;TP<

knhV|Pv�jPx*m=sPv0o�mVjetPp���m9|Po&�Fv�r,v0�]v*r���mVr��!v*s.���ep,y�hV|.tP|=�
o,p�v*hVsu}V~.�;m9p,v*|=p,�eh9jÌ� � md� x*m=sPvd~�m9r,�eqV�e|Ph9j�je}§sPv*i9v*jemV�]v*s��=}
�&v*|Pq)6 < ���ep,y!h9sPsP�ep,�em9|PhVju��v*h9p,tPr�v*o�hV|PsRhÊ> r,hV�uyP�ex*hVj3Ë3o,v*r'�|=p,v*r���hVx�v�Â�>ÌË¬',ÆnsPv*i9v*jemV�]v*s.�a}Ì]9mV|Pv*o&h9|Ps �Dv�|ap�v*r*�v6eD
��yPv
�Ph9o,�ex&hV�P�Pr�mVh9xfy ��mVjejemd��oPp,yuv5�!v*p�yPm=s
md�a×3v*o,o&h9|PsNw=�!�ep,y±~«6eH
���ep,y¦p�yPv#i9mVr,p��ex*�ep�}�o�yPv*sPsP�e|Pq£�Pr,m=x*v*sutPr,v§md��:DhVo�t�h9|Ps
×0h9|Px*m=xc�+6=M���mVr�tP|uo,p,v�hVsP}§o,�e��tPjeh9p,�emV|Po�����yPv�x*m=sPv��Fh9o
v*�=p,v�|PsPv*s p,m�p�yPv��!m=sPv*je�e|Pq�md��p��Fm��¢h9��r���mV�ej3o,}=o,p�v*�!o��=}
k&jehVp�¤*v*r.ª=/X1�®zÍ#6eU

��yPvR�!v*p�yPm=s#�e|Px*jetPsPv�o�h'sPvè��mVr��!�e|Pq��Fh9�VvR�!m=sPv*jK~
��yPv*r�vNh�sP�eo,x�r,v*p�v�i9mVr,p�v*�!�eo3o,yPv*s{��r,m9�%v*hVxcy�h9�er���m9��j]p,r�hV�ej��
�e|Pq�v*sPq9v'h9p!p�yPv'v�|Ps�m��Nv*hVxcy¡p,�e�!v�o,p�v*�¡p,m#m���o�v*p�p,yPv
xcyPhV|uqVv
�e|�x���r�x*tPjehVp��emV|!h9�;m9tPp�p,yuv�h9�er���m9��jK�í��yuv*o,vNi9mVr�p,�ex*v*o
x*m9|ai9v*x*pRsPmd��|Po,p�r,v*h9��~D��| � tPv*|Px���|uq�v*hVxcy�m9p,yPv*r�h9|Ps§p,yPv
hV�er���mV�ejeo*~d�Pr�mdia�esP�e|Pq
hNo�tPr,�ur,�eo,�e|Pq9j�}.hVx�x*tPr,h9p,v
�!m=sPv�jPmd�lp,yPv
tP|Po�p,v*h9sP}��Fh9�Vv
r,m9jejÌ��tP�l~Po�tPxcy�hVo�p�yPhVp3o,yPmd��|��e|��n��qu�í³V³�~
��m9ríh0o��e��tPjehVp,�em9|�md�Pp,yPvDjehVr�qVv5�Rmasuv*jK~ � h9�P�P�e|Pq�hVp þ » ³Q¤vRX~
��yPv*r�vFp�yPvDsP�eo,x*r�v*p,v��DhV�9v5iVm9r,p,�ex*v�o7h9r,v5r�v*�Pr�v*o,v*|=p�v*s!�=}
p,yPv
o,�RhVjej]o,�=tPhVr�v*o*�

¥3v*p,h9�ej�o3md�Fp�yPv��Ph9|Pv*j5x*m=sPv.hV|us'�ep,o
idh9j��esPh9p,�emV|�x*h9|
�]v
��mVtu|Ps���|�p,yPvNx���p�v*s�r�vc��v*r�v*|Px*v*o�~7h9o0�Dv*jejíh9o���|�²�vc��o��\§X~¥=~í³.§Nh9|Ps�³=¥X�
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��yPv�|=tP�Rv*r,�ex*h9j7�Rv*p,yumasuo�tup,�eje��¤�v*s���mVr
p�yPv�g0hdi=�ev*r��

w=p�mV�Vv�o�o�����tuj�h9p,�emV|uo0hVr�v!o�tP�!�RhVr,�e¤*v�s��e|�o,mV�Rv�sPv*p�hV�ej5�e|
p,yuv0�KmVjejemd����|uq0o,v�x*p,�emV|uo*~;���ep�y!�!m9r,v�sPv�p,hV�ejev*sR��|X��mVr��!hVp��emV|
hdidhV�ejehV�uj�v��e|��DhVo,p�r,mu� 6e¨
Õ 8+Ð9<aJ�:+%�:)º×ÖgØ;SXHaI&%`8;:=> ��yPv5p����Rvc��sPv*�]v*|PsPv*|=p�~Îx�mV�!�ur,v*o�o��
�e�Pjevd~ p��Dmd��sP�e�!v�|Po,�emV|uhVjK~ p�yP�e|=��j�hd}9v*r g0hdi=�ev*r��,w=p�mV�Vv�o
v*�=tPh9p,�emV|Pol�e|
p,yuv5o,p�r,mV|uq0x*m9|Po,v*r�idhVp���m9|
j�hd�{��mVr���h9|Ps
x*tPr,i=���
je�e|Pv*hVrDx*m=mVr�sP�e|PhVp�vNo,}=o�p,v*� Â�Ù �"Ú ÆDh9r,vQÛ
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Þé » ³ê
ëìí ìî

µû�ü ç � ä à¡Â û ¾KJVÆ ü � Ú óû�ü ç � ä à�Â û ¾KJVÆ ü � Ú öû�ü ç üAý à¡Â û ¾KJVÆ ü � ü ·

ï ìð
ìñ �

Â÷R9Æ

��yPv*r�v

ü ç »IÚ �ó à Ú �ö � Â÷L9Æ
ü � »IÚ ó � ä à Ú ö � ä � Â÷§9Æ
üªý�» Ü ä Â � � à � � Æ�¾VÿGà¡Âcþ Ñ ³@Æ�æ�ç&
	�Kæ�ç Ü ä Â º � Æ � Â÷¥9Æü · »IÚ ó � à Ú ö � ¤ Â÷B9Æ

��yPv�p,v*r��!o�Ð h9|Ps;ø h9r,v�p,yPv�x*m9|ap�r,hdidh9r,�ehV|=p�iVv�j�m=x*�ep�}
x*m9�!�]mV|Pv*|=p�o�qV�eiVv*|R�=}OÛ
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��yPv
�Pr�v*o,o�tPr,v��eo�r,v�j�h9p,v*s�p�m�p,yPvNm9p,yPv�r0idhVr��ehV�Pjev*oDp,yPr�mVtPq9y
p,yuv�v��atuhVp,�em9|�m��7o�p,hVp�v
��m9r�hV|!�esPv�hVjlqVh9o

ô » ÂÒþ Ñ ³¶Æ � � Ñ �]Â � � à � � Æ�¾Vÿ��ª¤ Â�³=J9Æ
V&�=o*�PÂ�³c�*³=JVÆ±hVr�vF|Pm9|PsP�e�!v�|Po,�emV|uhVje�e¤*v*s0tuo,�e|Pq0¿DhVonp,yPv

r,vè��v*r,v�|Px*v�jev*|PqVp�yl~ º Ä hVoNp�yPv�r,vè��v*r,v�|Px*v�o,�]v*v*sl~5¿¶¾ º Ä h9o
p,yuv�r,vc�Kv*r,v*|ux*v�p,�e�!v�~h� Ä h9o�p,yPv�r,vc��v�r,v*|Px�v�sPv*|Po���p�}§h9|Ps� Ä º �Ä h9o�p,yPv
r,vè��v*r,v�|Px*v.v*|Pv*r�qV}9�
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o,m9jeiVv*r��Pr�v*sP�ex*p�v*s þAD ³@ÿ)¤vJX�
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Ë0o��e|Pq�p,yuvYh9�er���m9��j
p�yP�exf�=|Pv�o,o�hVo�p,yuv#jev*|Pq9p,y�o�x*hVjevd~.p,yPv
w=p�r,mVtuyPhVj&|=tP���]v*r,o3md�Fp�yPv��Fh9�Vv*o3hVr�v µX�«JKJ�h9|Ps'µ=�ÌÿK§=~;r�vc�
o,�]v*x*p��eiVv*je}"CVo,m9�!v*��yuhVplyP�eqVyuv*ríp�yPhV|Np�yPvFw=p�r,m9tPyPhVj=|=tP���]v*r
��m9r5p,yPv45LhVr,�MLhV|.iVm9r,p,v���o�p,r,v�v*p��;v�yP�e|Ps!hNx�}aje�e|PsPv�r0Â�µX�`ÿu³@Æè� �yP�ejev�p,yPv�|atu�!v*r���x�hVjeje}Y�ur,v*sP�ex*p�v*s o,yPv�sPsP�e|Pq£��r,vc�
�=tPv*|Px�}��Fh9o�h9�;m9tPp!³=R{�;v*r�x*v*|=p�jemd�
~7�ep.�Fh9oN|Pm9p,v*s�p,yPh9p
p,yuv��ur,v*sP�ex*p�v*s�o,yPv*susP�e|Pq.��r,v��atuv*|Px*}��e|Px*r�v*hVo�v*s�hVo�o��!h9j�jev*r
p,�e�Rvc�¢o�p,v*�uo�h9|PsON�mVr��!m9r,v�g0v*��p�mV|¡o,tP�=���ep,v*r�hVp���m9|Po��Dv*r,v
tPo�v*sl�5��yP�eoD��o¨o,yPmd��|R��|!�n�eqP�l³=¥X~V��yPv*r�v
p,yPv3p,�e�!vc��yP�eo,p�mVr�}
md�Pp�yPv5je����p;h9|PsNsPr�hVq�x*m=vc�!x���v�|ap�o&�Pr,v*su��x�p,v*s.�=}0p,yuv5g0hdi=�ev*r��
w=p�mV�Vv�o0x*m=sPvNh9r,vN�uj�m9p,p�v*s���m9r�j�h9�!�e|Ph9r � md�¡hVp¬�� » ³¶µd·d�
� �Kp,v*r3p,yPv.�e|P�ep,�ehVjlp�r,hV|uo,�ev*|=p,o3��h9sPv*sl~]p,yPv.je�Ì�KpFh9�P�;v�hVr,v�s'p�m
x*m9|ai9v*r,q9v�p,m�h�o,p�v*hVsP}�idh9jetPv���m9rN�=tP�ep,vRo,mV�Rv�p,�e�!v�~7h9|Ps
p,yuv*|#m9o,x*�ejejehVp,�em9|PoN�]v*qVh9|l� � r,v*jeh9p,�eiVv*je}�jehVr,q9v!p����Rv�o�p,v*�
�DhVo
tPo,v�s�tP|=p,�ej&hV�]mVtPpÌ� » JVµ=~nhV|Ps�p�yPv*|�p�yPv�p��e�!vc��o,p�v*�
�DhVo0yuhVjeiVv*s±~�r�v*o,tuj�p��e|Pq!�e|�hRr,v*sPtux*p,�emV|��e|�p,yuv�h9�!�Pje�ep,tPsuv
md�Dp,yPv.je�Ì�Kp0mVo�x*�ejej�h9p,�emV|uo*~;hRr,v*sutPx*p,�em9|'�e|�sPr�hVq�hV|us�hV|��e|=�
x*r�v*hVo�v!�e|�p,yPv�o�yPv*sPsu��|uq���r,v��atuv*|Px*}9����yuv�p,�e�!vc��o,p�v*���Fh9o
r,v�sPtPx*v*s�h9qVhV�e|�h9pFh9�;m9tPph� » JKR=~=����p�y¦§X~`ÿ9µVµ3o,p�v*�Po"Ndx*}=x*jev
sPtPr��e|Pq0p�yPvFjeh9o,pXL�x*}=x*jev*o�� � p,mVp�hVj9md�;h9�;m9tPp5ÿVµVµX~ÌµVµVµ¨p,�e�Rvc�
o,p�v*�PoD���ep,y�¥3g0v*��p�mV|�o�tP�=����p�v*r,h9p,�emV|uo7Ndo�p,v*�R�Fv�r,v0r�v*�=tP�er,v*s
��m9r�p,yP�eoDo,�e��tPjehVp���m9|l�

��yPvDo,v*|uo,�ep,�ei=�ep�}�p�m0p����Rvc��o,p,v��N�Fh9oí�Pr�mV�Ph9�Pje}
yPv*�eqVy=p��
v*|Pv�s!�=}�p�yPv�iVv�r,}.p,�eqVy=p5o��PhVx*�e|Pq
m��íp,yPv�q9r,�es�hVp&p,yuv0hV�er���mV�ej
o,tur���h9x*v�hV|Ps£hVjemV|Pq�p�yPv��DhV�Vv�x*tPp���je�e|Pvd�%��yPv�qVr���s£�Fh9o
o,p�r,tPx�p,tPr�v*s���m9r=4 
 idhVjetPv*o3md�Fh9�;m9tPp�³ hVpÌ�¬� » ³@µN8V~l�Ptup
p,yuvO4 
 idhVjetPv*o��¬� » ³¶µd·D�Fv�r,vDj�v�o,o5p�yPhV|�µ=�Ìÿ�RX~@��yP�excy.�!hd}
yPhdi9v!x*m9|ap�r,�e�PtPp�v*s�p�m'p�yP�eo�sPv*�]v*|PsPv*|ux*vd�á'�|§p�yPvR��tPp,tur,vd~
qVr��esPo��!m9r,v0h9�P�Pr�mV�Pr���h9p,v
�KmVrDp,yPvNjemd��² v*}=|PmVjesPo�|=tP���]v*r�o
���ejej;�]vNp,v�o,p,v�sl�

�umVr0p�yPv�jemd�D����9~lj�h9�!�e|Ph9r � md��o�����tuj�h9p,�emV|uo*~P��yPv*|
p,yuvFh9��r���mV�ejeolhVr�v � hV�P�]v*sl~Vp�yPv�o,yuv*sPsP�e|Pq3�;v*r�o,�eo,p�o*~Pr�v*o,tPjep���|uq
�e|§o,v*i9v*r,h9jNo,tP�]v*r����R�;m9o,v*s ��r,v*�=tPv�|Px*�ev*o��e|�p,yPv�r,v*o�tPjep,hV|=p
��m9r,x*v*o�~0hVo�o�yPmd��|§�e| �n�eqP�0³.B=~D��yPv*r,v�p,yuv�tu|Po,p�v*hVsP}§je����p
hV|us!sPr�hVq��Pr�v*sP�ex*p,v�s��=}�p,yPv
�Ph9|Pv*jlx*m=sPvNh9|Ps!p�yPv
g0hdi=�ev*r��
w=p�mV�Vv�o�o,mVjei9v*r�hVr�v�x�mV�!�uhVr,v�s���m9r þ » ³d�&��yPvN�Ph9|Pv*jlx*m=sPv
hV|us�p,yPvRyP�eqVy�²�v*}=|Pm9j�suoN|=tP���;v�r�g3hdi=��v�r��,w=p,m9�Vv*o.r,v*o�tPjep,o
hVq9r,v*v3�Fv�j�jK~V���ep�y��!�e|PmVr&sP���lv*r,v�|Px*v*o�sPtuv0p,m x*mV�R�Pr,v*o�o,�e�P�ej��
�ep�}�hV|us'i=�eo,x*m9o,�ep�}9�f:DmVp,y�p�yPv��Ph9|Pv*j5x*m=sPv�h9|Ps�p,yPv�yP�eq9y=���'r�v*o,tuj�p�o!�Pr�v*sP�ex*p�h�|Pv*q9hVp���i9v�sPr,h9q#p,yur,mVtuqVyPm9tPp��!m9o,p
md�
p,yPv � h9�P�P�e|Pq�x�}ax�j�v�~´�utPp�p�yPv�jemd�D�����r,v*o�tPjep,o��Pr�v*sP�ex*p
h�o���q9|P���;x*h9|ap
�e|Px*r�v*hVo�v!�e|�mdiVv�r,hVjej&sPr�hVq�h9|Ps�h�r,v*sPtux*p,�emV|
�e|§p,yPv�p,yPr�tPo,p��]v*hV�=o�� � sPsP�ep,�emV|uhVjeje}V~5h�yP�eqVy=�K��r,v��atuv*|Px*}
mVo�x*�ejej�h9p,�emV|��eo
hV�P�uhVr,v�|ap
�e|�p�yPv�je����p ��mVr3p,yPv�jemd�D�w�¬� x*hVo�vd� �yP�ejev��P�����PjehV|PvRo,�e��tPjehVp���m9|Po0yuhdiVv!|umVp.�;v*v�|Yr�tP|§hVpNr�vc�
sPtPx�v*s��Kr,v*�=tPv*|ux*�ev*oN�]v*jemd��µ=�vR=~lo,�e|Pq9jevc�¢h9�er���m9��j]o,�e��tPjeh9p,�emV|Po
hVp�r�v*sPtPx�v*s��Kr,v*�=tPv*|ux*�ev*o
�;v*jemd�¦h9�;m9tPp0µ=�#E.r,v*o�tPjep0�e|�o,mVjet=�
p,�em9|Po�p,yPh9p�hVr�vN|PmVp��]v*r���m=sP�exd~]�PtPp�r�hVp,yuv*r*~lp,yuv*}R�;p�hV| 1�/Òd/�[w1�*./K«�[c�5×3md�Fv*i9v*r*~lh9p�yP�eqVyPv*r�r�v*sPtPx�v*s��Kr,v*�=tPv*|ux*�ev*o*~í�]mVp�y
p,yuv#o,�e|Pq9jevc�¢h9�er���m9��j3hV|Ps¦�u�Ì���PjehV|uv'o�mVjetPp,�em9|Po�}=�ev*jes�v*o�o,v*|X�
p,�eh9j�je}.�;v�r,�em=sP�ex0o,m9jetPp,�emV|uo*~=v*iVv*|�p�yPmVtPq9y!p�yPv
yP�eqVyPv*rDo,yuv*s=�
sP�e|Pq���r�v*�=tPv*|Px���v�o�hVr�v'o�p,�ejej0�Pr�v*o,v*|=p��%��yP�eo!�eo!o�yPmd��|��e|
�n�eqP�íÿVµW��yPv*r,v�p�yPv.j�����p3�eo��uj�m9p,p�v*s'h9o0hR��tP|ux*p,�emV|�md� Ô Â÷�uÆ
��m9r þ » ³d�
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 �yP�ejevDp,yPv
o,p�hVp���m9|PhVr�}�h9�er���m9��j=o�yPv*sPo�hNi9mVr�p,v*��o�p,r,v�v*p
hVpDjemd�D����9~Pp,yPv � h9�P�P�e|PqNh9�er���m9��j]�Pr�masutPx*v*o3h�o�v*r,�ev*o3md�7su}V�
|Ph9�!�ex!o�p,hVjej3iVmVr�p,�ex*v*oW��mVr�r�v*sPtPx�v*s � hV�u�P�e|Pq��Kr,v*�=tPv*|ux*�ev*o
hV�]mdiVv3hV�]mVtPpDµ=�Ìÿ=�5w=v*�Ph9r,h9p,�emV|�h9�P�;v�hVr,o�p�m��e|P�ep���h9p,v�h9p5p,yPv
p,r�hV�eje�e|Pq!v*suqVvd~5�Pr�mVq9r,v*o�o,�e|Pq�p,md�DhVr,s�p,yuv�j�v�hVsP�e|Pq�v*sPq9v!h9o
p,yuv � h9�P�P�e|PqR��r,v��atuv*|Px*}¡ÂBhV|us�yPv*|Px*v�p�yPv!�e|PsPtux*v*s�hV|uqVjev
md�0h9p,p�hVxc�PÆ
�eoN�e|Px*r,v�hVo,v�sl����yPv*o,vRsP}=|PhV�R�ex�o�p,hVjej5i9mVr�p,�ex*v*o
yPhdi9v�hRsPr,h9�!hVp��exNvc�lv*x*pNm9|'p�yPv��DhV�9vd~íh9o�o�yPmd��|���|��í�equ�
ÿP³�~l��yPv*r,v.v*�=�]v*r,�e�!v�|ap�hVj&hV|us�|=tP�!v*r��ex*hVjlo�p,r,v�hV�=je��|uv*oNhVr�v
o,yumd��|l�

�umVr5p�yPv
v*�=�;v*r��e�!v*|=p,h9jl�PyPm9p,mVq9r,h9�PyPo*~Ph.o,�RmV�9v�����r�v
�DhVo&�PjehVx*v�s�hV�]mVtPpXR3xcyPmVr�sPjev*|PqVp�yPoDtP�Po,p�r,v*h9� md�;p�yPv�jev*hVs=�
�e|Pq!v�sPqVvd~n����p�y�o,p�r,v*h9�=j��e|Pv�o�o��PhVx�v*s�hVp3r,mVtuqVyPje}�³Nx*� �e|=�
p,v�r,idhVjeo��F��yPv
���e|PqVo��Dv*r�v � hV�u�;v*s�hVp�hV�]mVtup¬R=�vLN×3¤
����p�y
h§��r�v*v*o�p,r,v�hV�/o��;v*v�s m�� h9�;m9tPp'ÿX�`ÿKR��¦Ndo�~�r�v*o,tuj�p��e|Pq��e|�� » ³@µ�·Fh9|Ps þ » ³d�&��yPv3�Fh9�VvD�Fh9o � m=m=sPv*s����ep,y�yP�eq9y=�
�]md�Fv*r&je�eqVy=p,o�~VhV|usNh
sP�eqV�ep,h9jVi=�esPv*m
x*hV�Rv*r,hu~dr,tP|P|u��|uq�h9p£J9µ
��r�hV�!v�o7�]v*r5o�v*x*m9|Psl~PhV|us�h�o�y=tPp,p�v*rFo��;v�v*s!m��\³.N�RVµ9µdp�y�o�v*xc�
mV|usl~P�Fh9o�tPo,v�s�p,m�r�v*x*mVr�s�p,yuv�o�p,r�v*hV�=je�e|Pv*o*�D��yP�eo�r,v*o�tPjep,v*s
�e|NhV�]mVtup£R=�#ED��r�hV�Rv*ol�;v�r7x�}ax�j�v�~VhV|Ps L�x*m9|Po,v*x�tPp,�eiVvD�Kr,hV�Rv*o
hVr�v�o�yPmd��|�m9|�p,yPv j�vè��p0o���suv�m��¨�n�eqP�lÿP³�~�x�mdiVv*r���|uq!hVje�RmVo,p
h�x*mV�R�Pjev*p,vRx*}=x*jevd�  �yP�ejev!p�yPv��Pr,v�x*�eo,v��PyuhVo,vRhV|Pq9jev*o�md�
p,yuvN�PyPm9p,mVo�h9r,vN|umVp��=|Pmd��|l~Ph9�P�Pr,md�=�e�!h9p,v�idh9j�tuv*o�hVr�vN�e|=�
x*jetPsPv�s��e|�p,yuv�jemd�Dv*r*~Pjevc�Kp�x*mVr�|Pv*r,o3md�5p,yuv��uyPmVp�mVo*�

��yPv3|atu�!v*r���x�hVjeje}��ur,v*sP�ex*p�v*s�o,p�r,v*h9�aje�e|Pv*o¨��m9r5o,�e�!�ejehVr
�PyPh9o,v�h9|PqVjev*o�h9r,v�o,yumd��|Ym9|§p,yPv�r��eqVy=p*~D��yPv*r,v�p,yuv�|=t=�
�!v�r,�ex*hVjno,p�r,v*h9�aje�e|Pv*o3hVr�v��Pr�m=sPtPx*v*s��=}�r,v*jev*h9o,�e|Pq!su��o�x*r,v�p,v
�Ph9r,p,�ex*jev*o
�e|=p,m�p�yPv � md��h9p0r,v�qVtPjehVr3�e|ap�v*r,idh9jeo*~lhV|Ps�p,r,h9xc�V�
�e|Pq!p�yPv*� hVo
p,yPv�}�x*mV|=i9v*x*pNp�yPr,m9tPqVy�p,yPv.tP|Po�p,v*h9sP} � md�D�
�;v*jesl��k&r,v�o,v*|=p,je}�p�yPv��uhVr,p��ex*jev*oNhVr�v�m9|Pje}�p,r,h9xc�Vv*s��e|�q9r,�es
�Pjem=xc�Y³�~7h9|Ps�p,yPv�r,vc��m9r,vd~5�uhVr,p��ex*jev*o�p�yPhVp j�v�hdiVv�p,yuv��Pjemaxc�
hVr�v!jemVo�p*~&r,v*o�tPjep,�e|Pq��e|��Pr�v*hV�=o.�e|'p�yPv!o�p,r,v�hV�=je��|uv*o*� � jeo,mu~
sPtPv.p,mRp,yPv.r,v�o,p,r��ex*p,�emV|�p,mR�Pjem=xf�9�*³d~lp,yuv��Ph9r,p���x�j�v�o�h9r,vNr�vc�
jev*hVo�v*sA>ctPo,p
µ=�Ìÿ�R.xcyPm9r,sPjev*|uqVp,yuo�tu�Po,p�r,v*h9� md�5p�yPv�jev*h9sP�e|Pq
v*sPq9vd~5qVr�v*hVp�je}'sP�e�R��|u��o�yP�e|Pq�p,yuv!tP�=��o,p�r,v*h9� �e| � tPv�|Px*v!m9|
p,yuv��uhVr,p��ex*jev0�Ph9p,yPo��F¥0v�o,�P�ep,v
p�yPv*o,v sP����v*r�v*|Px*v�o*~lp,yPv3x*mV�W�
�Ph9r,�eo,m9|��eoD�=tP�ep,v
qVm=m=sl�

��yPv0² v*}=|PmVjesPo��¢|=tP���]v*rísuv*�;v�|PsPv*|Px�v�m���p�yPv�je����píh9|Ps
sPr�hVqP~]�Pr,v�ia�em9tPo,je}!o�yPmd��|��e|{�n�eqP�í³.B=~Px*h9|�hVjeo,m��]vNo,v�v*|��e|
p,yuv'�Pr�v*sP�ex*p�v*s�o�p,r�v*hV�=je�e|Pv*o*~
hVoRo,yPmd��|£��|¡�í�equ�FÿVÿ=� �Pm9r
p,yuv*o,vRx*mV|Psu��p��emV|Po�Â þ » ³d~ ý » µT¤#EaÆc~np,yPv��e|PsPtux*v*s�hV|uqVjev
md�Nh9p,p,h9xc�#r,v�hVxcyPv*o�hV�]mVtup!ÿP³�sPv*q9r,v*v�o*�;'�|�p,yuv�yP�eqVy=�w��
o,m9jetPp,�emV|±~ � md�D��o,v*�uhVr,h9p,�emV|��eo0r�hVp�yPv*r
o,tP�up,jevd~l���ep,yPm9tPp�|Pmd�
p,�ex*v�hV�Pjev0su}a|uhV�!�ex�o�p,hVjej]iVm9r,p,�ex*v�o*�5×0md�Dv*i9v*r*~]hVp5jemd�D�w�¬�9~=h
o,v�r,�ev*o.md�0sP}=|Ph9�!�exNo,p�hVjejDiVmVr�p,�ex*v*o ��o o,yPv*s���yP�excy�qVr,v�hVp,je}
hVjep�v*rNp,yuv�o,p,r�tPx*p�tPr,vRmd��p,yPvR�Fh9�Vvd����yPv�v*�=x*v�j�jev*|=pNh9qVr�v*vc�
�!v�|ap¨�;v*p��Dv*v*|�p�yPv0je����p&hV|PsRsPr,h9qN�Pr�v*sP�ex*p,v�s��=}�p�yPv0�Ph9|Pv*j
x*m=sPv�hV|us#p,yuv�yu��q9y=�w�¬�Rg0hdi=�ev*r��,w=p�mV�Vv�o�o,mVjetPp��emV|l~5o�yPmd��|
�e|!�n��qu�;³=BX~V�eo&��tPr�p,yPv�rFo�tP�P�]mVr,p�v*s��=}�p�yPv0�DhV�9v�p,mV�]mVjem9qV�ev*o
�Pr�v*sP�ex*p,v�s#�=}'p�yPv!p��DmP~&o,yumd��|���|�p,yuv!x*v*|=p�v*r�h9|Ps�jemd�Fv�r
�]mVr,p��emV|Po�m��\�n�eqP�;ÿVÿX�'�|��n��qu�\ÿKJ=~�p,yuv�p��e�!vc��hdiVv*r�hVq9v*s � �¢i9v*jem=x*�ep�}���|�p,yPv
�DhV�Vv&�eolo,yumd��|l~¶��mVrlh�x*r�mVo�o���o,v*x*p��emV|.mV|Pv&xcyPmVr�sPjev*|Pq9p,yNsPmd��|X�
o,p�r,v*h9� m��0p,yPv�p�r,hV�eje�e|Pq�v*suqVvd�#��yuv!v*�=�]v*r,�e�!v�|ap�hVj�sPh9p,hu~

�!v�hVo,tur,v*s�tPo���|uq °n¥G8N~PyuhdiVv0�]v*v*|�x*mVr�r,v*x*p�v*s���mVrDh�o,je�eqVy=p
iVv�j�m=x*�ep�}3qVr,h9sP�ev*|=plhVx*r�mVo�oíp,yuv5p,v*o�pío�v*x*p,�em9|!ÂBh9�P�Pr,md�=�e�!h9p,v*je}
³��]v*r,x�v*|=p��;v*r.xcyPmVr�sPjev*|Pq9p,y��e| Ô �e|'p�yPv!p�v*o,p�v*s§r,v*q9�emV|;Æè�
��yPv�h9qVr,v�v*�!v*|=p&���ep,y.p,yPv3jemd�D����Do,mVjetPp��emV|.��o&�=tP�ep,v�q9m=mas±�
g0m9p,vd~9p,yPvD�!v*h9|N�]mVo,�ep���m9|Poím��;p,yuvFh9��r���mV�ejeolhVr�vFh9p ÔN»MY µ)¤v§
���ep,y ý » µ)¤#EP�N��yuv�p,r,v�|Ps'p�md�Fh9r,s�|PhVr�r,md�Dv*r2>cv*p��¢je�e�VvNr�vc�
qV�em9|PoN���ep,y�sPv�x*r,v*h9o,�e|Pq#² v*}=|PmVjesPoN|=tP���]v*r
�eo�x�mV|Po���o�p,v*|=p
���ep,yRp,yPvNo��e|PqVjevc��hV�er��KmV�ejPo,m9jetPp,�emV|uo*�&��yPv
v*�=�;v*r��e�!v*|=p,h9jliVvc�
jem=x*�ep�}�v*r,r�mVr!�uhVr,o��ejejetPo,p�r,h9p,v!p�yPv�o�p,hV|usPhVr�sYsuv*i=��h9p,�emV|�md�
p,yuv.��r,v*v�o,p,r�v*hV� o,�]v*v*sl����yPv�sPv*i=�ehVp��emV|�m��´p�yPv�tP|Po�p,v*h9sP}
� md���DhVo�|umVp��!v�hVo,tur,v*sl�

'�|!�n�eqP�aÿFE�p�yPv0�ur,v*sP�ex*p�v*s�hV|Ps��Rv*hVo�tPr,v�s�p,yPr�tPo,pDx*md�
vc�!x*�ev*|=p�o�h9r,v!�uj�m9p,p�v*s#h9o
��tP|Px�p,�emV|Po.md�0p�yPv!r�v*sPtPx�v*s���r,vc�
�=tPv*|Px�}V��g3mVp,v�~5hVo.��|usP�ex*hVp�v*s��e|'p�yPv!|Pm9�!v*|ux*jehVp,tur,vd~&p,yPv
p,yur,tPo�p�x�mavè�!x*�ev*|=p!yPh9o!p,yuv�o,p�hVp,�ex�sur,hVq�r�v*�!mdi9v*s§�e|Yh9jej
x*h9o,v*o��h'�|�p,yPv v*�=�;v*r��e�!v*|=p*~Pp�yPv
o,h9�!v0r�v*sPtPx�v*s��Kr,v*�=tPv*|ux*}
x*h9|Y�]v�m9�Pp,h9��|uv*s���mVr�h9|Y�e|=�]|P�ep,v�idhVr���h9p,�emV|�md� � h9�P�P�e|Pq
��r�v*�=tPv*|Px*�ev*o¨hV|Ps � md��o,�]v*v*suo*~P��yP�excy��ur,mdi=�esPv*o&o,m9�!v&�!v*h��
o,tur,vNm��\p�yPv�² v*}=|PmVjesPo�|=tP���]v*r�sPv*�]v*|Psuv*|Px*v�m��\p�yPvNsPh9p,hu�
�DmV|uo,v*�=tPv*|=p�j�}�p�yPv�v*�=�;v�r,�e�!v*|=p�hVjDr,v*o�tPjep,o�yPhdi9v!�]v*v*|§sP���
i=�esPv*s!�e|=p,m.o,v�iVv*r�hVjlqVr�mVtP�uo*~P�Ph9o,v*s�mV|�²�v*}=|Pm9jesPoF|=tP���]v*r��
��yPv�v*�=�]v*r,�e�Rv*|=p,hVj]r,v�o,tPjep,oDhVr�v��Pr,h9xc�Vv*p�v*s!�Pr�v*p,p�}��Dv*jej]�;vc�
p��Dv*v*|!p�yPv�yP�eqVy.hV|us�j�md�D�w���g0hdi=�ev*r��,w=p�mV�Vv�o5r,v*o�tPjep,o�~P����p�y
h�x*jev*h9r�p,r,v�|Ps�hVo3p,yPvN² v*}=|PmVjesPo�|=tP���]v*r�sPv*x�r,v*h9o,v*sl�3��yPv
�Ph9|Pv*jVx�masuv5hV|Ps
p�yPv5yP�eqVyX����5r�v*o,tPjep�o7h9qVr�v*v5iVv�r,}0�Dv*jejVtu|ap��ej
þ[Z ³Q¤vRX~���yuv*r,v�o�v*�PhVr�hVp���m9|'�]v*x*m9�!v*o
o���q9|P���;x*h9|ap��Ng0m9p,vd~
p,yu��o3�eo�p,yPvNm9|Pje}!x*h9o,v.��yPv*r�v�p�yPvNsP���lv*r,v*|ux*v��]v*p��Dv*v*|�p,yPv:�°!h9|Ps�w � p,tPr��PtPjev*|Px�v��!m=sPv*jeol�DhVo&|PmVp��ex*v*hV�uj�v�~Î���ep�yNp,yPv:�°��!m=sPv*jl�Pr�v*sP�ex*p���|uq�h�q9r,v*h9p,v*r3o,v*�Ph9r,h9p,�emV|l�

'�|��n��q9o*��ÿ�R�hV|us ÿKL�p,yPv��Pr,v*su��x�p,v*s¡p,yPr�tPo,p�x*m=vc���
x*�ev*|=p,o.hV|us��Pr,m9�PtPjeo,�eiVv�vè�!x*�ev*|Px*�ev*o.��m9rNp,yuv�o,�e|PqVjevc��hV�er���mV�ej
hV|us�p�yPvN�P�����PjehV|Pv
x*m9|=�;q9tPr,h9p,�emV|�hVr�vNx*m9�!�Ph9r,v*sl���Pm9r�p,yPv
yP�eqVyX����0x�hVo,v�~;mV|uj�}.p,yuvP:�°�p,tPr��PtPjev*|Px*v
�Rmasuv*j;�eo5o�yPmd��|l�'�|§hVjejDx*hVo�v*o*~0p�yPv�yP�eqVy=�w���r,v*o�tPjep,o!h9qVr�v*v��Fv*jej����ep,y�p,yPv
�Ph9|Pv*jDx*m=sPv!v*�=x*v��Pp.��mVr
p�yPv!yP�eq9yPv*o,p.r,v�sPtPx*v*s���r�v*�=tPv*|Px�}V~
���ep,y�p�yPv
�P���¢�Pjeh9|Pv�x*mV|X�;qVtPr�hVp���m9|�}=��v�j�su��|uqNyP�eqVyPv�rF�]v*r��KmVr��
�!h9|Px*v
p,yuhV|�p,yPv o,�e|PqVjevN���e|Pqu�F×3md�Fv*i9v*r*~]��m9r�p,yPv j�md�D�w��
x*h9o,vd~íp�yPv.p��Fm�x*m9|=�;q9tPr,h9p,�emV|Po3�;v�r���m9r,� h9�;m9tPp0p�yPvNo�hV�!v�~
���ep,yRmV|Pje}.�!�e|PmVr¨hVsPidh9|ap�hVq9v*o5hVpDjemd�Fv�rFr�v*sPtPx*v�s���r,v��atuv*|=�
x*�ev*o��5��yP�eo5�!�eqVy=pnv*�=�PjehV�e|���y=}.jehVr,q9v*r5�P�er�sPo*~=je���9vFo�v*hVq9tPjejeo
hV|us!�]v*je��x�hV|Po�~Pmd��p�v*| � }.jemd�§v*|PmVtuqVy!mdi9v*rD�Fh9p,v*rDp,m.�;v�|Pvc�
�;pD��r�mV�%p�yPv
qVr�mVtP|Ps��Pjeh9|Pvd~P�PtPp�o��!h9j�j]�P�er,suo�hV|Ps��e|Po,v�x*p,o
qVv�|Pv*r,h9jej�}�sPm�|umVp � }�x�j�m9o,vNv�|PmVtPq9y�p,mRp,yPv.o,tur���h9x*v�p�m��;v
hd�lv*x*p�v*sl�

G58]:=�V_ÌS=>.%¹8;:=>
'�|
o,v*i9v*r,h9j=�Pr,v*i=�emVtuol��|=i9v*o,p���q9hVp���m9|Po*~¶p,yPv¨�;v*r���mVr��!h9|Px*v

hVsuidhV|=p,h9qVv*o�m���h����e|Pq � hV�P�u��|uq���|�qVr�mVtP|Ps§vc�lv*x*p��Dv*r,v
v*o�p,hV�uj��eo�yPv*sl~&hV|Ps�h��u�Ì���PjehV|uvNx*mV|X�;qVtPr�hVp���m9|��DhVo
sPv*i=�eo,v*s
p,m�p�hV�9v!hVsuidhV|=p,h9qVv!m���p�yPv���hdi9mVr,h9�Pjev��Fh9�Vvc���e|=p,v*r���v*r,v�|Px*v
��yP�ejev0�Pr�mdi=��su��|uq�h9|�h9v*r,m=sP}=|Ph9�!�ex*h9j�je}Nh9|Ps��!v*xcyPh9|P�ex*hVjeje}
�Ph9j�h9|Px*v*s�o,}=o�p,v*����×0md�Dv*i9v*r*~&v*�=�;v�r,�e�!v*|=p�hVj&r,v*o�tPjep,oNo�tPqd�
qVv�o,p,v�s�h�r,h9p,yPv*r�o�v*iVv�r,v�²�v*}=|Pm9j�suo�|atu���;v*rDsPv*�]v*|Psuv*|Px*}9�
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EHG7ÏZÀ�I�æ I�I�Idæ@ò Û*ê&à âcÛfÜFadäcóíø

EHG7ÏZÀ*æ I�I�I�æ I�I�Idæcá�ð*Üeë*ð*ò Ùfâcá"adäcóíø

õcÛ*âcÙfò¶Ý�ä@ï*Ù�ø
�&� �q�T�&�=� ç¶á�Ü�Ù,Û*öcò à âcÙ�Úlå�ä*Ü)Î.ÏXÀ�æF�3Ïb1�IDï*Ù�ü@Ü�Ù,Ù,Ú�ø
�DmV|uo,v*�=tPv*|=p�j�}9~Fh��!m9r,v�sPv�p,hV�ejev*s�v*�=�;v*r��e�!v*|=p,h9jFh9|Ps#|=t=�
�!v�r,�ex*hVju��|=i9v*o,p���q9hVp���m9|N�DhVo5tP|usPv*r,p�hV�9v*|�p,m3��tPr�p,yPv*rDv*�=hV�W�
�e|Pv
p,yPv�o,vN�eo,o�tPv*o3�;m9p,y��=tPhVje�ep,h9p,�eiVv*je}.hV|Ps��=tPh9|ap��ep,hVp��eiVv*je}9�

'�|
hVsPsu��p��emV|
p,m3p,yPv5v�hVr,je�ev*rn�!v*h9o,tPr�v*�!v*|=p�olmd�Pp,yPr�tPo,p�~
sPv*p�hV�ejev*s � md�D��i=��o�tPhVje�e¤*h9p,�emV|Nh9|Ps��DhV�Vv�i9v*jem=x*�ep�}��Rv*hVo�tPr,vc�
�!v�|ap�ol�Fv�r,v5�RhVsPvnp,m�sPm=x*tP�Rv*|=plp,yPv¨tP|Po,p�v*hVsu}��DhV�9v&o,p,r�tPxc�
p,tur,v*oRhV|Ps§iVv�j�m=x*�ep�}��;v�j�suo*� wXp,r,v�hV�=je��|uv*o��Fv�r,v��Pr�m=sPtPx*v*s
tPo���|uq�h.o,�RmV�Vv����er�vd~PhV|PsRp,yPv�}!�Dv*r,v
r,v�x*mVr�sPv*s�m9|!sP�eqV�ep�hVj
i=�esPv*mP� Ë0|Po�p,v*h9sP}���r,v*�=tPv�|Px*}��!v*h9o,tPr�v*�!v*|=p�o0�Dv*r,v��RhVsPv
tPo���|uq�h�o,}=|PxcyPr,m9|P�e¤*v*s�o,p,r�mV�]v!je�eqVy=p*�AË3|Po,p�v*hVsP}�iVv�j�m=x*�ep�}
�!v�hVo,tur,v*�Rv*|=p,o
�Fv�r,v��!h9sPvNtPo��e|Pq�hV|�°í¥ 8 o,}=o,p�v*� x*mVt=�
�Pjev*s����ep,yRh�r,mVp�hVr�}!�!m9p,�emV|�r�v*o,m9jeiVv*r��

0.9 1c 1.1
time−averaged non−dimensional d x−velocity, u
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� |�tu|Po,p�v*hVsP}9~5x*m9�!�Pr�v*o,o����uj�v�g3hdi=��v�r��,w=p,m9�Vv*oNo�mVjeiVv�r
�DhVo��!m=sP���;v�s�p,m.o,�e��tPjehVp�v�p,yPvNo�}=�!�!v�p,r,�ex��Pr�mV�Pjev*��~VtPp��Ì�
je�e¤*�e|PqNh.��tPjep,���¢�uj�m=xc�]~dsPvc��m9r,�!�e|Pq
q9r,�es!o�}ao�p,v*��~ah9|Ps!m9�;v�r��
hVp��e|Pq�mV|�h��PhVr�hVjejev*j5x*m9�!�Ptup,v*rNh9r,xcyP�ep,v�x*p,tPr�vd� � sPsP�ep,�em9|=�
hVjeje}9~Î�uhVr,p��ex*jevc�¢p�r,h9x*v�hV|Ps.p,�e�Rvc�¢hdi9v*r,h9qVv*s iVv*jem=x*�ep�}NsPh9p,h
x*hd�
�Ph9�P�ej��ep���v�oí�Dv*r,v�h9sPsPv*s�p�m�p�yPv�x*m=sPv�p�m�v�|PhV�PjevDsP�er,v*x�p5x*mV�W�
�Ph9r,�eo,m9|Po����ep�y#p,yuv!|Pv*� v*�=�;v*r��e�!v*|=p,h9jFsuhVp,hu� Ë0|Po�p,v*h9sP}
o,�e��tPjeh9p,�emV|Po
�Dv*r,v�r�tP|§hVpA�¬� » ³@µN8d~Fh9o,o�tP�!�e|Pq�h���tPjeje}
p,tur,�PtPjev*|=p3�;m9tP|PsPh9r,}!jehd}9v*r*~Ph9|Ps�hVp¬�� » ³¶µd·d~Ph9o,o,tu�!�e|Pq
��tPjeje}�jehV�R��|uhVr � md�
�

��yPvRyP�eqVy=�w��!g0hdi=�ev*r���w=p�mV�9v*oNo,m9jetPp,�emV|uoNhVq9r,v*v��Dv*jej
���ep,y�p�yPv.��|=i=�eo,x*�es��Ph9|Pv*j&x*m=sPv.r,v*o�tPjep,o*~&hV|us���mVr���h9|�tP�=�
�]v*ríje�e�!�ep=��m9ríp�yPv5v*�=�]v*r,�e�!v�|ap�hVjeje}��!v*h9o,tPr�v*s
p,yPr�tPo,p�~V��yP�ejev
p,yuvNjemd�D����
g0hdi=�ev*r��,w=p�mV�Vv�o�o,mVjetPp��emV|PoD��m9r,�%h�jemd�Dv*r�je�e�!�ep
��m9r5p,yPv3v*�=�;v�r,�e�!v*|=p�hVjPr�v*o,tPjep�o*�F��yuv0�DhV�Vv�o�p,r�tPx*p,tur,v*o��Pr�vc�
sP�ex*p�v*s¦�=}Yp�yPv��Ph9|Pv*jNx*m=sPv�h9qVr�v*v'�Dv*jej
���ep,y¡p,yPv�yP�eq9y=����o��e��tPjehVp,�em9|Po*~P�Ptup��]mVp�y�hVr�v��=tP�ep�vNsP����v�r,v*|=p
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